Purpose: Impaired postural control has been reported in females with fibromyalgia syndrome (FMS). This study aimed to investigate a) differences in central sensory reception and integration abilities for postural control between older females with and without FMS, and b) the influence of a secondary cognitive task on postural control in altered sensory environments. Methods: The performances of 10 older females with FMS were compared to eight age-matched healthy females across single and dual task conditions using the Sensory Organization Test ® . Results: No significant group differences were evident for Composite Equilibrium Score (CES) in the single task condition (p = 0.06) but a large effect size (Cohen's d = 0.96) was obtained, suggesting a clinically relevant difference existed between groups with respect to general sensory reception and integration abilities. Single trial Equilibrium Scores (ESs) for both groups declined significantly in the more complex sensory conditions across both task conditions (p < 0.01) with a greater decline evident for the FMS group in sensory condition 4 in the dual-task condition (p = 0.04). The FMS group also experienced multiple falls in sensory conditions 5 and 6 across both task conditions with a significantly higher percentage of falls evident for the FMS group in condition 6 across both task conditions (p = 0.04). Conclusions: Overall postural stability was significantly lower in the FMS group when compared to an age-matched control group. Postural stability declined further in the FMS group when attempting to perform a secondary cognitive task in both sensory conditions that primarily relied on vestibular inputs for postural control. A greater focus on multisensory and dual-task training in a balance environment may benefit older females with FMS.
Introduction
Fibromyalgia syndrome (FMS) is a chronic pain disorder that is characterized by widespread musculoskeletal pain, stiffness, fatigue, in addition to other bodily symptoms [1] - [4] . FMS can be triggered by genetic factors, environmental stressors, or neurophysiological changes [5] [6] . The prevalence of FMS among adults 60 years and older has been estimated at 5% to 8% in females; a higher percentage than observed in younger age groups and male adults [7] [8] . Several studies have shown its adverse effect on both static and dynamic postural control in adults [2] [4] [9] - [11] . In a recent survey of 2596 adults ranging in age from 17 to 78 years, approximately 45% of adults with FMS self-reported balance problems, which was one of the most commonly reported symptoms [2] .
Previous research has demonstrated that adults with FMS have significant central sensory impairment when compared to age-matched healthy adults [9] - [11] whereas only small and non-significant differences were evident for motor function [10] . It has been argued that the chronic musculoskeletal pain associated with FMS may result in altered sensory function [12] - [14] . Bayazit et al. [12] have also suggested that neural brainstem disintegration may explain some of the significant changes in sensory function in persons with FMS. These changes may, in turn, adversely affect postural control, particularly in individuals with FMS. In the present study, the Sensory Organization Test ® (SOT) [15] was used to examine central sensory reception and integration abilities in older adults, with and without FMS. The SOT provides a comprehensive evaluation of central sensory reception and integration abilities and can identify specific impairments in each of the three sensory systems (i.e., vision, somatosensory, vestibular) that contribute to balance. This test has been widely used to evaluate central sensory function across a number of different populations, including older adults [16] - [18] .
Higher order cognitive abilities such as attention, working memory, and information-processing speed are essential for maintaining postural stability [19] . Limited attentional resources may increase the risk of impaired balance function in older adults [20] . With normal aging, both the quantity and quality of sensory information derived from the visual, somatosensory, and/or vestibular systems that sub serve postural control declines. As a result, higher levels of attentional focus must be directed to maintaining postural stability [20] [21] . The attentional demands become even greater when the availability of visual, somatosensory, and/or vestibular inputs are reduced [21] [22] . Postural sway has also been shown to increase significantly in healthy older adults when the available sensory information is reduced [22] or they are required to perform a secondary task while maintaining balance [20] . Several studies have demonstrated that adults with FMS experience significant changes in attention and working memory [23] - [25] . These changes in higher order cognitive processes in older adults with FMS may further limit the available attentional resources for postural control in dual-task environments, particularly when the availability of sensory information is also altered.
Although several studies have shown impaired postural control in adults with FMS, none, to our knowledge, have investigated central sensory reception and integration abilities in older adults with FMS when compared to age-and gender-matched healthy older adults. Moreover, no studies have investigated how the performance of a secondary cognitive task in altered sensory environments further influences postural control in older adults with FMS. Our primary goal in this study, therefore, was to investigate whether differences in central sensory reception and integration abilities were evident between older women, with and without fibromyalgia. A secondary goal was to further examine the influence of an additional cognitive task on postural control across different sensory environments between women, with and without FMS.
Methods

Participants
Females aged 60 years and older with a diagnosis of FMS were recruited to participate in this case-control study. Eligible participants were contacted through a local fibromyalgia research center. A diagnosis of fibromyalgia was confirmed via phone using the screening criteria established by the American College of Rheumatology (ACR) in 2010 [1] . Eligible participants had to reside in the community, be functionally independent, speak English as their primary language, and had completed a minimum of high school or higher level of education. Participants were excluded if they were currently experiencing musculoskeletal and/or neurological diseases that might interfere with their performance on the balance test. Age-and gender-matched healthy control (HC) participants were recruited for comparison purposes. A Health/Activity Information Questionnaire (HAQ) was ad-ministered during the phone call to ensure that all participants met the eligibility criteria and had no other medical condition(s) (e.g., neurological or significant musculoskeletal conditions, major depression, diabetes, or uncorrected visual problems.) that might adversely affect balance. Participants reporting any contraindicated medical conditions were excluded from participation in the study. While no formal screening for cognitive impairment was conducted, all participants were required to report any diagnosis of cognitive impairment on the study-related HAQ, complete all associated paperwork without assistance, and demonstrate their ability to perform two trials of the cognitive task alone prior to the start of the dual-task condition. This study was approved by the California State University Fullerton, Institutional Review Board (FWA00015384), and all participants reviewed and signed the approved informed consent form prior to testing.
Questionnaires/Surveys
Demographic information and a comprehensive medical history were obtained from each participant using a HAQ specifically designed for the present study. History of the diagnosis and symptoms of FMS was also obtained for the FMS group. The Revised Fibromyalgia Impact Questionnaire (FIQR) and the Symptom Impact Questionnaire (SIQR) [3] were used to measure FMS-related impact in the FMS and more general symptom impact in the HC groups, respectively. Participants rated their perceived level of function and symptom severity using a zero to 10 scoring system. All questions were answered based on the average condition experienced during the past 7 days. A higher score indicated a higher level of functional limitation or a higher level of symptom intensity.
Apparatus
In order to evaluate central sensory reception and integration abilities, both groups completed the Sensory Organization Test ® (SOT) on the SMART Balance Master system (NeuroCom International Inc., Clackamas, Oregon), version 8.2. The SOT is considered to be the "gold standard" for assessing central sensory reception and integration abilities. By sway-referencing the support surface and/or visual surround during the administration of the SOT ® , an individual's ability to effectively use sensory inputs while suppressing inaccurate sensory information from the visual, somatosensory, and/or vestibular systems can be quantified. Six specific sensory conditions were presented during the SOT: standing with eyes open on a stable surface; standing with eyes closed on a stable surface; standing with eyes open with sway-referenced vision on a stable surface; eyes open while standing on a sway-referenced surface; eyes closed while standing on a sway-referenced surface; and eyes open with sway-referenced vision while standing on a sway-referenced surface [15] (Figure 1 ). Participants were instructed to stand quietly during each test trial. An Equilibrium Score (ES) was recorded for each of three 20-second trials. The ES was calculated based on the degree of excursion of the individual's center of pressure. The score ranged from zero to 100 points; a higher score indicated better postural stability. A weighted average score, the Composite Equilibrium Score (CES), was then calculated across the six sensory conditions [26] . Finally, falls were recorded for any test trials in which a participant lost balance and required assistance from the overhead harness and/or test administrator. The test-retest reliability of the SOT has previously been established in a sample of non-institutionalized older adults [18] as well as adults with fibromyalgia [27] .
Secondary Cognitive Task
In order to examine how cognitive load influences central sensory reception and integration abilities in older adults, with and without FMS, a word-generation task served as the secondary task [28] [29] . In the dual-task condition, participants were asked to call out as many words starting with a designated letter as they could during each standing trial. For the dual-task condition, participants performed a single 20-second trial in each of the six sensory conditions. All participants were presented with the same sequence of six different letters (B, S, D, C, A, W) for the six dual-task balance trials. Two cognitive-task only trials were practiced prior to having the participants perform the task during performance of the SOT  . The number of correctly spoken words was recorded using an audio recorder to ensure accuracy of spoken words during data collection.
Procedures
On the scheduled testing day, participants completed the FIQR or the SIQR. Based on the outcomes of pilot testing conducted with two older females with FMS, both the single-task and dual-task SOTs were conducted on a single day of testing. Prior to administering the first SOT, a familiarization test was conducted. This familiarization test was intended to assist the participant become more familiar with the equipment, testing protocol, and overhead safety harness. This session was also helpful for obtaining reliable data and reducing the participant's anxiety level [27] . A three-minute rest interval was provided between the familiarization test and the single-task condition of the SOT. During the single-task SOT, three 20-second trials in each of the six sensory conditions were completed. Participants then completed the dual-task condition of the SOT after a 30-minute rest interval. During performance of the second SOT, participants were required to perform the word generation task while standing in each of the six sensory conditions. In order to minimize learning effects, only one trial was performed in each of the six sensory conditions in the dual-task condition (Figure 1) .
A fall was recorded if the participant needed external support to avoid losing balance, moved her feet, or prematurely opened her eyes during the eyes-closed conditions. The trial was stopped immediately if any of these circumstances occurred and a fall was recorded. A report card was provided and the results were explained to each participant after the completion of the two SOTs. The duration of the single testing session was approximately 90 minutes.
Data Analyses
Descriptive analyses were performed for the demographics, medical conditions, and symptom data. Betweengroup differences for the variables of age, number of medical conditions, and FIQR/SIQR scores were analyzed using independent t-tests while between-group comparisons for the variables of presence of leg symptoms (i.e. swelling, numbness, tingling), fear-of-falling, and fall history were analyzed using Chi-Squared tests.
In order to explore differences in central sensory reception and integration abilities, the CES for the single-task condition was compared between groups using an independent t-test analysis. Additionally, a 2 (group) × 6 (sensory condition) ANOVA for the mean ES in the single-task condition was also conducted to determine whether group differences were evident across the six sensory conditions. A 2 (group) × 2 (task condition) × 6 (sensory condition) repeated measures analysis of variance (RM ANOVA) was then conducted to investigate within-and/or between-group differences between the single-and dual-task condition and across the six sensory conditions. Only the ES for the first trial in each of the sensory conditions was included in this analysis. The number of correctly spoken words during performance of the word generation task was analyzed using a 2 (group) × 6 (sensory condition) ANOVA. In the case of significant findings, post-hoc analyses using t-tests with Bonferroni adjustments were conducted to explore the direction of the significant findings. In order to ascertain the practical significance of certain group comparisons, effect sizes were also calculated. Finally, the number of falls recorded during the first SOT trial for each group was also analyzed across the two task conditions. Withingroup comparisons were analyzed using Friedman's ANOVA. In the case of significant findings, post-hoc Wilcoxon Signed-Rank Tests were conducted. Between-group comparisons were analyzed using Chi-Squared Tests.
All statistical analyses were conducted using the Statistical Package for the Social Sciences (SPSS) software, version 19.0. A statistical significance level of p < 0.05 was used for all analyses conducted.
Results
Ten older females with FMS and eight age-matched healthy females were included in the analyses. No significant group differences were observed for the variables of age (mean age ± SD for the FMS group: 65.49 ± 4.72 years; HC group: 66.08 ± 4.83 years), leg symptoms experienced, fear of falling, or fall history. As expected, the number of medical conditions for the FMS group was significantly higher than the HC group (p = 0.03). Higher weighted total scores were also evident for the FMS group (mean ± SD: 30.12 ± 24.31, score range 6 to 75) on the FIQR/SIQR when compared to the HC group (mean ± SD: 7.46 ± 11.64, score range 0 to 35, p < 0.05). Specifically, the mean subtotal score for each of the three domains was significantly higher for the FMS group when compared to the HC group, indicating a significantly higher impact of symptoms on the performance of daily living activities (p < 0.01), significantly lower perceived ability to accomplish goals of the week (p = 0.04), and significantly higher perceptions of symptom intensity (p < 0.01) in the FMS group ( Table 1) .
The results of an independent t-test failed to demonstrate a significant statistical difference in CES between the FMS and HC groups (Mean ± SD: 67.70 ± 13.09 and 77.25 ± 5.09, respectively; p = 0.06) in the single task condition. The calculated effect size, however, was large (Cohen's d = 0.96). Due to the high number of falls recorded by the FMS group on one or more trials in sensory conditions 5 and 6 in the single task condition ( Table 2) , only the mean ESs for the first four sensory conditions were analyzed using a 2 (Group) × 4 (Sensory Condition) RM ANOVA. The only significant finding emerging from this analysis was a main effect for Sensory Condition (p < 0.01, η 2 = 0.59). Post-hoc analyses conducted to further explore the source(s) of the main effect for Sensory Condition revealed significant differences (p < 0.01) for all pairwise comparisons with the exception of pairwise comparisons between sensory condition 2 (eyes closed, firm surface) and 3 (sway-referenced surface, eyes open) (Figure 2) . As was the case for the single task condition, four participants in the FMS group experienced a fall on the first and only trial of sensory conditions 5 and/or 6 in the dual-task condition ( Table 2) . Therefore, a 2 (Group) × 2 (Task) × 4 (Sensory Condition) RM ANOVA was conducted. A three-way interaction between Task, Sensory Condition, and Group (p = 0.04, η 2 = 0.18) and a two-way interaction between Task and Group (p = 0.03, η 2 = 0.26) were evident. Significant main effects for Task (p = 0.06, η 2 = 0.20) and Sensory Condition (p < 0.01, η 2 = 0.74) were also evident ( Table 3) . The three-way interaction is visually represented in Figure 3(a) and Figure  3(b) . Subsequent post-hoc analyses to identify the source(s) of the interaction effect revealed that both groups demonstrated a lower ES in sensory condition 1 in the dual-versus single-task condition (p < 0.01) whereas ES was significantly lower for the FMS group during condition 4 in the dual-task condition (p < 0.01). No significant group or task condition differences were evident for the remaining two sensory conditions. No significant within-or between-group differences were found for the number of correctly spoken words across the six sensory conditions presented in the dual-task condition.
The results of a chi-squared analysis conducted to investigate group differences with respect to falls indicated that the FMS group recorded a significantly higher percentage of falls in sensory condition 6 in both the single and dual task conditions when compared to the HC group (p < 0.05). A closer review of the between-group data further revealed that six participants in the FMS group experienced falls on one or more trials in sensory conditions 4, 5, and/or 6 in the single task condition whereas no participants in the HC group experienced any falls in either the single or dual-task conditions. In the dual-task condition, three participants in the FMS group fell on the first trial of sensory condition 5, and four participants fell on sensory condition 6. The results of a 1 (FMS Group) × 6 (Sensory Condition) Friedman's ANOVA revealed significant differences in the percentage of falls recorded within the FMS group (p < 0.01). Subsequent post-hoc analyses using Wilcoxon signed-rank tests further indicated that the percentage of falls in sensory condition 6 in both the single and dual task conditions was significantly higher for the FMS group than the percentage of falls in any other sensory condition with the exception of sensory condition 5 (p < 0.05).
Discussion
The results from this study are consistent with previous studies [9] - [11] , but also yielded some new findings. When compared to the age-matched HC group, the FMS group experienced 1) a higher perceived level of FMSrelated symptoms and functional limitations; 2) lower overall postural stability in the single task condition; 3) significantly lower postural stability in sensory condition 4 in the dual-task condition; and 4) a significantly higher number of falls in sensory conditions 5 and 6 across both task conditions. To our knowledge, very few studies have measured central sensory reception and integration abilities in older adults with FMS using the SOT ® . Jones et al. [10] used the SOT to assess postural control ability in middle-aged adults (48.6 ± 9.7 years), with and without FMS, while Russek and Fulk [11] conducted the SOT in a sample of females (20 to 89 years) with FMS and compared their overall performance to normative data. The findings of both studies identified impaired central sensory reception and integration abilities in females with FMS on the basis of a significantly lower CES. Although group differences in CES recorded for the single task condition just failed to reach statistical significance (p = 0.06) in the present study, a large effect size was obtained (Cohen's d = 0.96) when CES was compared between the two groups. Unlike statistical power, which is heavily influenced by sample size, effect size calculations are not. The practical or clinical significance of our study findings could therefore be explored using this method of analysis in spite of low statistical power (0.48).
In contrast to the group differences observed for CES in the single task condition, no group differences in mean ES (single task condition) were evident across the first four sensory conditions in the present study. Instead, both groups demonstrated significantly higher levels of postural instability when either visual (sensory conditions 2 and 3) or somatosensory (sensory condition 4) inputs were manipulated when compared to sensory condition 1. Unlike the results obtained by Jones et al. (2011) who found significant group differences across the first four sensory conditions, both groups in the present study demonstrated higher levels of postural instability as the sensory conditions became more complex. This difference is likely due to the fact that both groups in our study were much older (M = 66 years) than the participants in the earlier study (M = 49 years). Nevertheless our findings for the FMS group are consistent with those reported by Jones et al.
Analyzing fall incidence rates across the six sensory conditions in the single task condition further identified group differences in postural stability. The FMS group experienced a higher number of falls in conditions 5 (N = 3) and 6 (N = 4) when compared to the HC group with the difference being statistically significant in sensory condition 6 only. In contrast, the HC group experienced no falls in any of the six sensory conditions. These results suggest that older adults with FMS are unable to appropriately weight sensory system input when the vestibular system is the primary source of sensory information for upright balance. This deficit may place them at a higher risk for falls, particularly on initial exposure to sensory conditions in which vision and somatosensory inputs are no longer providing accurate input (e.g., low light conditions combined with unstable surfaces). Our findings partially support those of Russek and Fulk [11] and Jones et al. [10] who identified significant impairments in both the visual and vestibular systems in their participants with FMS. These authors suggested that the differences may be the result of either an abnormal use of postural strategies (i.e., ankle versus hip in the more complex sensory conditions) or neuromuscular incoordination due to elevated pain levels in the lower legs. It is interesting to note that the women with FMS who fell in conditions 5 and 6 in the present study recorded higher, albeit non-significant, FIQR total scores when compared to women with FMS who did not fall in either sensory condition. Jones et al. also found that women with FMS who reported a higher level of FMS-related symptoms demonstrated lower levels of overall postural stability. How the level of symptom severity may affect their ability to appropriately weight incoming sensory information in changing sensory environments warrants further investigation.
Attentional demands for postural control increase when the sensory environment becomes more complex, particularly in older adults [21] [22] . While a person's attentional capacity is limited, the ability to reallocate attention from a secondary cognitive task to the primary balance task is important for maintaining postural stability in complex sensory environments. The results of this study suggest that greater postural instability is evident for older adult females with FMS when compared to age-matched healthy females, particularly when performing a cognitive task in complex sensory environments. Although no group differences were evident with respect to postural sway across the first three sensory conditions in the dual-task condition, the FMS group demonstrated significantly higher sway when compared to the HC group on sensory condition 4, a condition in which visual inputs become the primary source of information for standing balance. The FMS group also recorded a higher incidence of falls in sensory conditions 5 and 6 when compared to the HC group. These results are similar to those found for the single task condition.
Shumway-Cook et al. [20] advanced the idea of a "posture first" attentional hierarchy to account for the differences observed in their study comparing postural sway between groups of older adults, with and without a history of falls, across different sensory (i.e. firm vs. compliant surfaces) and dual-task conditions (i.e., line match vs. sentence completion tasks). According to the authors, maintaining balance should be the first priority for attentional resources when a person faces a situation where the threat of losing balance is high. While there was no significant between-group differences found for performance on either cognitive task in their study, the group with a history of falls demonstrated significantly higher postural sway when compared to the group with no fall history, particularly during the dual-task condition. That is, older adults with a history of falls failed to adopt a "posture first" strategy when performing a secondary task in an unstable environment.
Similar to the findings of Shumway-Cook et al., no group differences were evident for the number of words spoken across the two task conditions in the present study but higher levels of postural sway and/falls were evident for the FMS group, particularly in sensory conditions 4, 5, and 6. Participants with FMS who experienced higher instability or actually lost their balance during conditions 5 and 6, were still attempting to generate words in the dual-task condition, suggesting an inability to switch their attention from the cognitive to balance task to avoid becoming unstable. At a practical level, the inability to adopt a "posture first" strategy when balance is threatened will likely result in greater risk for falling.
The word generation task used in the present study clearly created a distinct attentional load for both groups as indicated by the fact that both groups recorded significantly higher levels of postural instability in condition 1 (eyes open, firm surface) when the secondary cognitive task was introduced. In addition, the FMS group experienced even greater postural instability than the HC group in sensory conditions 4, 5, and 6 in the dual-task condition. While no group differences were evident for condition 4 in the single-task condition, the FMS group experienced greater postural instability in this condition in the dual-task condition. In this sensory environment, input from the somatosensory system is no longer accurate, making the visual system the primary source of sensory information for upright balance. Jones et al. [10] and Russek and Fulk [11] also suggested that people with FMS may have some level of sensory perception and integration impairments in the visual system based on the findings of their studies. Further study is needed to investigate how different cognitive impairments affect central sensory reception and integration abilities in older adults with FMS.
The findings of earlier studies [10] [11], as well as those emerging from the present study, provide further evidence for impaired central sensory reception and integration abilities in the FMS population. Being able to accurately process and weight incoming sensory information is critical to perceiving where the body is in space and/or responding appropriately in a changing sensory environment. Real-world examples include walking across compliant surfaces in conditions of low lighting, moving through crowds or along busy sidewalks, and/or transitioning between moving and stable surfaces. Although different types of exercise interventions (e.g., tai chi, balance and strength) lead to improvements in balance and reduced fall risk, few systematically target sensory reception and integration [30] . Older adults with FMS may clearly benefit from rehabilitation programs that systematically target the sensory systems, first in single task conditions and then dual-task situations that simulate the types of activities and environments experienced on a daily basis [19] . These recommendations are similar to those proposed by Jones et al. [10] who also suggested that clinicians and exercise instructors include sensory orientation training in their exercise programs, particularly those aimed at lowering fall incidence rates among older adults.
Certain limitations must be noted for the present study. First, the sample of older women who met the eligibility criteria for the study or were willing to participate was relatively small. Difficulties recruiting communityresiding older adults with FMS for the study, coupled with the need to eliminate three participants, one from the FMS group and two from the HC group due to extreme scores or missing data, clearly lowered the statistical power needed to identify group differences. Despite this limitation, however, significant differences were evident when central sensory reception and integration abilities were evaluated in the two groups. Second, only one trial was performed in each of the six sensory conditions in the dual-task condition. While our decision to evaluate performance on a single trial was to minimize learning effects related to the cognitive task, it did not enable us to see whether participants adapted their balance performance in the dual-task situation as the task was repeatedly performed. Data from a single trial in each sensory condition does mimic real life situations wherein the individual must correctly weight incoming sensory inputs from the vestibular, visual, and somatosensory systems on first exposure to a new sensory environment in order to maintain balance. Our results suggest that for older women with FMS this is a particularly difficult task to accomplish, particularly when the vestibular system becomes the primary source of sensory information for controlling upright balance. When the attentional demands are increased by adding a cognitive load, older women with FMS also experience difficulty accurately weighting visual and vestibular inputs to control upright balance.
Conclusion
The present study demonstrated that overall levels of postural stability were lower in a group of older women with FMS when compared to an age-matched control group as indicated by the large effect size for CES. Regardless of whether the task was to maintain a standing balance position in either a single or dual-task condition, the FMS group recorded a higher percentage of falls on the first trial in each of the two sensory conditions that required the use of the vestibular system to control standing balance. This finding suggests that women with FMS are particularly vulnerable to a loss of balance on first exposure to this type of sensory environment. Moreover, in the dual-task condition, older women with FMS demonstrated significantly higher postural insta-bility when performing a cognitive task in sensory conditions that required vision or the vestibular system to serve as the primary source of sensory information for maintaining balance. Balance training programs aimed at reducing the level of fall risk in older women with FMS should include a strong focus on improving central sensory reception and integration skills by constructing practice environments that require both the reweighting of sensory inputs as the different sensory systems are manipulated. Progressively increasing the cognitive load during the concurrent performance of different balance activities may also facilitate the development of improved attentional-switching skills.
